Introduction
============

Multiple myeloma (MM) is the second most common hematological malignancy and has a very high incidence especially in the elderly people.[@b1-cmar-9-373] Disease symptoms of MM include skeletal destruction, bone marrow failure, normal immunoglobulin production suppression and insufficiency of renal function.[@b2-cmar-9-373] Treatment regimens of MM are developing very rapidly in decades.[@b3-cmar-9-373]--[@b6-cmar-9-373] From the year 2000, a revolution for MM therapy has begun as a result of the emergence of new agents such as lenalidomide and bortezomib.[@b7-cmar-9-373]--[@b9-cmar-9-373]

For significantly improved clinical response in MM patients in clinical trials, bortezomib was approved by the US Food and Drug Administration (FDA) in 2003, and it has become the first-line therapy for MM since then.[@b10-cmar-9-373],[@b11-cmar-9-373] The ubiquitin-proteasome pathway can be blocked by selectively and reversibly inhibiting the activity of proteolysis of the proteasome complex, thus exerting an effect on anti-myeloma.[@b2-cmar-9-373] Although overwhelming number of studies all over the world have investigated the role of bortezomib in MM in vivo and in vitro, very few studies from People's Republic of China have summarized the effect, tolerability and prognostic factors of bortezomib for newly diagnosed MM up to date.[@b12-cmar-9-373]--[@b14-cmar-9-373] Although in recent years more new agents such as next generation of proteasome inhibitors (eg, carfilzomib) and immunomodulatory drugs (eg, pomalidomide) have been used in clinical trials and approved by the FDA,[@b6-cmar-9-373],[@b15-cmar-9-373],[@b16-cmar-9-373] they are currently not available in the Chinese market. As a result, chemotherapy regimens including bortezomib are still the standardized treatment for MM in People's Republic of China. In order to better understand the role and effect of bortezomib in myeloma, summarizing and analyzing the prognostic factors in newly diagnosed MM patients treated by bortezomib is warranted.

Methods
-------

Forty-seven newly diagnosed MM patients treated in Zhongda Hospital of Southeast University, People's Republic of China from May 2010 to September 2016 were enrolled in this study. All the patients had received at least two cycles of bortezomib and dexamethasone (BD) regimen. The diagnosis was evaluated and confirmed by the International Myeloma Working Group (IMWG) criteria.[@b17-cmar-9-373],[@b18-cmar-9-373]

This study was waived from the requirement of obtaining patient informed consent because the patients remained anonymous in the study. All aspects of the study conformed to the Declaration of Helsinki. This study was approved by the Institutional Review Board of Zhongda Hospital of Southeast University (2016ZDSYLL018.1).

The included patients were treated with the following regimen: bortezomib (1.3 mg/m^2^ subcutaneously or intravenously on days 1, 4, 8 and 11 of the 21-day cycle or 1.3 mg/m^2^ subcutaneously or intravenously on days 1, 8, 15 and 22 of every 35-day cycle) combined with dexamethasone 8 or 16 mg was given to patients on the day of or 1 day after bortezomib therapy. If grade 3 or 4 hematological toxicities occurred in patients, the next chemotherapy would be postponed until the recovery of blood cells and dosage of bortezomib also be reduced in subsequent cycles. Granulocyte colony-stimulating factor would be given to the needed patients to boost the counts of white blood cells (WBC) less than 0.5×10^9^/L. For the included patients who were eligible for hematopoietic stem cell transplantation (SCT), 5 received autologous SCT and 1 was received allogeneic SCT.

Demographics of patients including age when diagnosed, sex, performance status, International Staging System (ISS) stage, Durie-Salmon (DS) stage, type of M proteins, classification of bone destruction, plasma cell percentage in bone marrow, level of hemoglobin and platelet, serum calcium, alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase, blood urea nitrogen, creatinine, C-reaction protein, β~2~-microglobulin, extramedullary disease, urine protein occurrence, number of patients who underwent SCT and cytogenetic abnormalities were collected. Overall survival (OS) was defined as the time from the first administration of BD regimen to patient death, progression-free survival (PFS) was calculated as the time from the initial administration of BD regimen to the identification date of progressive disease (PD) or death and time to progression (TTP) was calculated as the time from the first administration of BD regimen to progression of disease or to the initiation of other therapy. Responses of patients were evaluated according to the IMWG uniform response criteria: complete response (CR) was defined by the absence of M protein in serum and urine and confirmed by the disappearance of soft tissue plasmacytomas and presence of \<5% bone marrow plasma cells; very good partial response (VGPR) met all of the criteria for partial response (PR) and also M proteins were detected by immunofixation but not on electrophoresis or serum M protein reduction ≥90% and urine M protein \<100 mg/24 h; PR was defined by at least a 50% reduction of serum M proteins and urine M protein \<200 mg/24 h; minor response (MR) was defined by ≥25% but \<49% reduction of serum M protein and reduction of 24-h urine M protein by 50%--89% but still exceeded 200 mg/24 h and PD was called when M protein was \>25% or increased in serum or urine, or increased bone marrow plasma cells, bone lesions or plasmacytomas, or new hypercalcemia occurred. Adverse events were evaluated according to National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.[@b19-cmar-9-373],[@b20-cmar-9-373] OS, PFS and TTP were analyzed by Kaplan--Meier method. Log-rank test was used to identify the univariate prognostic factors independently associated with OS and PFS, and Cox regression was applied to identify the multivariate prognostic factors independently associated with OS and PFS. All statistical analyses were performed by SPSS version 22.0 statistical software (Chicago, IL, USA). The value of *p* less than 0.05 was considered statistically significant.

Results
=======

Patient characteristics
-----------------------

The clinical characteristics of the included 47 patients before the BD regimen therapy are shown in [Table 1](#t1-cmar-9-373){ref-type="table"}. Disease stages were confirmed by DS classification and ISS. The median age of MM patients was 65 (41--86) years. MM subtype of most patients (70.2%) were IgG and IgA. Six patients received SCT. Among the 19 patients who underwent chromosome testing, 3 were found to have cytogenetic abnormalities.

Response to therapy
-------------------

Responses to BD regimen are demonstrated in [Table 2](#t2-cmar-9-373){ref-type="table"}. Overall response was seen in 68.5% patients: CR was achieved in 11 patients (23.4%), VGPR was achieved in 8 patients (17.0%), PR was achieved in 10 patients (21.3%) and MR was seen in 3 patients (6.8%).

Safety
------

Adverse events of the treatment are listed in [Table 3](#t3-cmar-9-373){ref-type="table"}. The most common toxic effects occurring during treatment were neutropenia and peripheral neuropathy. Other commonly reported toxic effects were anemia, thrombocytopenia, infection, diarrhea, vomiting, deep venous thrombosis and fatigue. None of the patients were discontinued from treatment because of adverse events.

Survival and prognostic factors
-------------------------------

The median OS, PFS and TTP of these MM patients were 36.0 months (95% confidence interval \[CI\]: 32.8--39.2 months), 19.0 months (95% CI: 15.7--22.3 months) and 18.0 months (95% CI: 14.4--21.6 months), respectively; the mean OS, PFS and TTP were 36.0 months (95% CI: 31.8--40.3), 19.3 months (95% CI: 16.6--22.0) and 18.8 months (95% CI: 16.2--21.3), respectively ([Figures 1](#f1-cmar-9-373){ref-type="fig"}[](#f2-cmar-9-373){ref-type="fig"}--[3](#f3-cmar-9-373){ref-type="fig"}).

Associations between patient characteristics and OS and PFS were also evaluated. In the present study, log-rank test indicated that level of albumin, β~2~-microglobulin and cytogenetic abnormalities were prognostic factors for OS; high level of albumin as well as β~2~-microglobulin and cytogenetic abnormalities was associated with poor OS ([Table 4](#t4-cmar-9-373){ref-type="table"}, [Figure 4](#f4-cmar-9-373){ref-type="fig"}). Plasma cell percentage in bone marrow, β~2~-microglobulin and cytogenetic abnormalities were prognostic factors for PFS; high percentage of plasma cells in bone marrow, high β~2~-microglobulin and cytogenetic abnormalities were associated with poor PFS ([Table 5](#t5-cmar-9-373){ref-type="table"}, [Figure 5](#f5-cmar-9-373){ref-type="fig"}). No prognostic factors for OS and PFS were revealed by COX regression of multivariate analysis.

Discussion
==========

MM is a plasma disorder that accounts for approximately 10% of all hematologic malignancies.[@b21-cmar-9-373] It is considered as an incurable disease with a median survival of about 3 to 4 years if treated by conventional regimen.[@b21-cmar-9-373],[@b22-cmar-9-373] Multiple factors play roles in determining the best course of therapy and so the treatment of MM is quite individualized.[@b23-cmar-9-373] BD regimen is currently the standard chemotherapy regimen for MM patients in People's Republic of China. For the included 47 newly diagnosed MM patients in our study, median time of OS, PFS and TTP were 36.0, 19.0 and 18.0 months, respectively, which were similar to the studies reported previously.[@b12-cmar-9-373],[@b17-cmar-9-373] For safety and tolerability, our results indicated that neutropenia and peripheral neuropathy were the two most common side effects caused by BD regimen. No patient was stopped from treatment because of those side effects, and this also proved that BD regimen was relatively safe and well tolerated.[@b24-cmar-9-373]--[@b27-cmar-9-373]

In this study, level of albumin, β~2~-microglobulin and cytogenetic abnormalities were prognostic factors for OS; plasma cell percentages in bone marrow, β~2~-microglobulin and cytogenetic abnormalities were prognostic factors for PFS. It was indicated in our study that prognosis of patients with higher levels of albumin, β~2~-microglobulin and plasma cell percentage in bone marrow may be worse than those patients with lower levels of these parameters. For the published studies analyzing prognostic factors of survival of Chinese MM patients, our results were not so consistent with them.[@b12-cmar-9-373]--[@b14-cmar-9-373],[@b17-cmar-9-373] In the study by Lu et al,[@b12-cmar-9-373] sex, ISS stage, number of FISH abnormalities and extramedullary disease were the prognostic factors for survival, and no prognostic factors were observed by Guo et al.[@b14-cmar-9-373] More interestingly, theoretically high levels of albumin should be correlated with better outcome, but opposite results were found in this study. The potential explanation for the discrepancies might be because of the different groups of patients and centers in People's Republic of China. Inadequate cytogenetic data, small sample size and heterogeneity of MM patients are also the reasons. We believe that with more standard treatment strategies as well as higher qualified and multicenter studies including more patient samples, the power of the study will certainly be increased. Approval of novel therapeutic agents in the Chinese market for MM and development of precise and effective treatment will also hopefully increase response in MM patients after chemotherapy.
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###### 

Clinical characteristic of the included MM patients

  Characteristics                                Patients, %
  ---------------------------------------------- --------------------
  Total number of patients                       47
  Age (years), median (range)                    65 (41--86)
  Sex, n (%)                                     
   Female                                        21 (44.7)
   Male                                          26 (55.3)
  Performance status, n (%)                      
   0                                             6 (12.8)
   1                                             23 (48.9)
   2                                             11 (23.4)
   ≥3                                            7 (14.9)
  ISS stage, n (%)                               
   I                                             11 (23.4)
   II                                            12 (25.5)
   III                                           24 (51.1)
  DS stage, n (%)                                
   IA                                            0 (0)
   IB                                            1 (2.1)
   IIA                                           13 (27.7)
   IIB                                           2 (4.3)
   IIIA                                          21 (44.7)
   IIIB                                          10 (21.3)
  Type of M proteins, n (%)                      
   IgG                                           24 (51.1)
   IgA                                           9 (19.1)
   IgD                                           2 (4.3)
   IgM                                           2 (4.3)
   Light chain                                   7 (14.9)
   Not secreted                                  3 (6.4)
  Bone destruction, n (%)                        
   0--1                                          11 (23.4)
   2                                             22 (46.8)
   ≥3                                            14 (29.8)
  Percentage of plasma cells in bone marrow, %   34.6 (1.6--75.6)
  Hb, g/L                                        98 (57--144)
  PLT, ×10^9^/L                                  151 (56--555)
  Alb, g/L                                       31 (19--46)
  Calcium, mmol/L                                2.21 (1.58--3.66)
  ALT, IU/L                                      21 (8--108)
  AST, IU/L                                      28 (11--73)
  LDH, IU/L                                      183 (34--351)
  Creatinine, μmol/L                             109 (41--1254)
  BUN, mmol/L                                    5.17 (1.26--74.20)
  CRP, mg/L                                      8.3 (2.2--41)
  β~2~-Microglobulin, mg/L                       1.17 (0.2--14.1)
  Extramedullary disease, n (%)                  14 (47)
  Urine protein, n (%)                           21 (36)
  No. of SCT                                     6
   Auto-SCT, n (%)                               5 (83.3)
   Allo-SCT, n (%)                               1 (16.7)
  Cytogenetic abnormalities, n (%)               3/19 (15.8)
   Deletion of chromosome 13                     2
   Deletion of chromosome 17                     0
   t(11;14)                                      1
   t(4;14)                                       0

**Note:** Data presented as median (range) unless indicated otherwise.

**Abbreviations:** Alb, albumin; Allo, allogeneic; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Auto, autologous; BUN, blood urea nitrogen; CRP, C-reaction protein; DS, Durie-Salmon; Hb, hemoglobin; Ig, immunoglobulin; ISS, International Staging System; LDH, lactate dehydrogenase; MM, multiple myeloma; PLT, platelet; SCT, stem cell transplantation.

###### 

Response in the MM patients after treatment

  Response                            Patients, n (%)
  ----------------------------------- -----------------
  CR                                  11 (23.4)
  VGPR                                8 (17.0)
  CR + VGPR (high quality response)   19 (40.4)
  PR                                  10 (21.3)
  MR                                  3 (6.8)
  SD                                  5 (10.6)
  PD                                  10 (21.3)

**Abbreviations:** CR, complete response; MM, multiple myeloma; MR, minor response; PD, progressive disease; PR, partial response; SD, stable disease; VGPR, very good partial response.

###### 

Major adverse events of MM patients

  Adverse events                       Patients (n=47)
  ------------------------------------ -----------------
  Hematological                        
   Neutropenia ≥ grade 3               18 (38.3)
   Anemia ≥ grade 2                    12 (25.5)
   Thrombocytopenia ≥ grade 3          3 (6.4)
  Infective ≥ grade 1                  
   Fever of unknown origin             5 (10.6)
   Herpes zoster                       4 (8.5)
   Upper respiratory tract infection   8 (17.0)
  Peripheral neuropathy ≥ grade 3      14 (29.8)
  Constipation                         12 (25.5)
  Diarrhea                             7 (14.9)
  Vomiting                             6 (12.8)
  Deep venous thrombosis               3 (6.4)
  Fatigue ≥ grade 2                    11 (23.4)

**Note:** Data presented as n (%).

**Abbreviation:** MM, multiple myeloma.

###### 

Prognostic factors for OS

  Prognostic factors          Total number   OS                                              
  --------------------------- -------------- ---------- ------------ ---------- ------------ -------
  Alb, g/L                    47                                                             0.046
   \<35                       35             38.8±2.1   34.6--42.9   38.0±2.0   34.0--42.0   
   ≥35                        12             25.8±3.9   18.1--33.4   29.0±7.6   14.1--43.9   
  β~2~-Microglobulin, mg/L    47                                                             0.003
   \<3.5                      41             37.9±2.2   33.5--42.3   38.0±2.1   33.9--42.1   
   ≥3.5                       6              23.7±5.1   13.6--33.7   20.0±9.2   2.0--38.0    
  Cytogenetic abnormalities   19                                                             0.000
   Yes                        3              20.0±0.0   20.0--20.0   20.0±0.0                
   No                         16             53.5±2.3   48.9--58.1                           

**Abbreviations:** Alb, albumin; CI, confidence interval; OS, overall survival.

###### 

Prognostic factors for PFS

  Prognostic factors                             Total number   PFS                                             
  ---------------------------------------------- -------------- ---------- ------------ ---------- ------------ -------
  Percentage of plasma cells in bone marrow, %   47                                                             0.033
   \<30                                          27             21.7±1.8   18.2--25.2   22.0±3.8   14.6--29.4   
   ≥30                                           20             16.3±1.7   12.8--19.7   16.0±2.2   11.6--20.4   
  β~2~-Microglobulin, mg/L                       47             37.9±2.2   33.5--42.3   38.0±2.1   33.9--42.1   0.001
   \<3.5                                         41             20.5±1.5   17.6--23.4   20.0±1.8   16.5--23.5   
   ≥3.5                                          6              11.3±1.7   7.9--14.8    12.0±0.9   10.2--13.8   
  Cytogenetic abnormalities                      19                                                             0.000
   Yes                                           3              12.0±0.0   12.0--12.0   12.0±0.0                
   No                                            16             29.0±0.7   27.6--30.4   28.0±0.0                

**Abbreviations:** CI, confidence interval; PFS, progression-free survival.
